Z. Saugetierkunde 64 (1999) 210-219 
© 1999 Urban & Fischer Verlag 



http://www.urbanfischer.de/journals/saeugetier 


INTERNATIONAL JOURNAL 
OF MAMMALIAN BIOLOGY 


Contributions to the karyology and taxonomy of the genus Spalax 
Giildenstaedt, 1770 (Mammalia: Rodentia) in Turkey 

By M. SozEN, E. (Jolak, N. YIgit, §. Ozkurt, and Reyhan VerImu 


Department of Biology, University of Ankara, Ankara, Turkey 


Receipt of Ms. 08. 02.1999 
Acceptance of Ms. 20. 04. 1999 


Abstract 


The karyotypes of 17 specimens in 10 localities belonging to Spalax leucodon (Nordmann, 1840), and 
2 specimens of Spalax ehrenbergi Nehring, 1898 from Kilis in Turkey were analysed. It was deter¬ 
mined that S. leucodon has 2 n = 36 and NF = 70 in the Baymdir population; 2 n = 60, NF = 82 and 
NFa = 78 in Ankara (centrum, 15 km N, and 35 km S), Afyon 10 km E and Afyon 95 km SW popula¬ 
tions; 2n = 60, NF = 84 and NFa = 80 in the Burdur (centrum and 10 km W) population, and 2n = 60, 
NF = 76 and NFa = 72 in the Ak§ehir 10 km SE population. S. ehrenbergi from 15 km E of Kilis has 
also 2 n = 52, NF = 74 and NFa = 70. 

According to these karyological findings the diploid chromosome number of the Baymdir popula¬ 
tion, and the NF and NFa values of Burdur, Ak§ehir, and Kilis populations are new for the genus Spa¬ 
lax in Turkey. 
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Introduction 


The subterranean mole rats belonging to the family Spalacidae are distributed throughout 
southeastern Europe, Asia Minor, Caucasus, Transcaucasus, Ukraine, Armenia, Syria, Pa¬ 
lestine, Iraq, Israel, Jordan, and northeastern Africa (Ognev 1947; Ondrias 1966; Lay 
and Nadler 1972; Corbet 1978; Giaga et al. 1982; Nevo 1991: Harrison and Bates 
1991). To date, over 40 chromosomal forms of Spalax have been reported in the literature 
from these areas. 

According to the most recent morphological studies there are two species 
(5". leucodon and S. ehrenbergi) and nine subspecies (5. /. nehringi, S. 1. armeniacus, 
S. 1. cilicicus, S. 1. anatolicus, S. 1. turcicus, S. 1. tuncelicus, S. e. intermedius, S. e. kirgisorum, 
and S. e. nevoi) of blind mole rats in Turkey (KiVANg 1988; Co§kun 1996 a, b). However, 
the results from karyological studies revealed nine karyological forms of S. leucodon 
(2n = 38, 40, 50, 52, 54, 56, 58, 60, and 62) and four karyological forms of S. ehrenbergi 
(2 n = 52, 54, 56, and 58) in Turkey, and the number of chromosome arms (NF) for 
S. leucodon and S. ehrenbergi varied from 70 to 82 and from 72 to 90, respectively (Sol- 
DATovic and Savic 1978; Savic and Soldatovic 1979; Yuksel 1984; GuLKAg and Yuksel 
1989; Yuksel and Gulka^ 1992, 1995; Nevo et al. 1994, 1995; Ivanitskaya et al. 1997; So- 
ZEN and KiVANg 1998 a, b). Nevo et al. (1994, 1995) stated that each of the chromosomal 
forms is a separate biological species. They examined the populations using Nei’s genetic 
distance between populations obtained by allozyme electrophoresis and claimed that 
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some populations having identical diploid chromosome numbers are different biological 
species, presumably representing about 20 such species in Turkey. They also showed that 
in Turkish Spalax, speciation and adaptation positively correlate with aridity stress and 
climatic unpredictability. 2 n values and heterozygosity, //, increase toward the ecologi¬ 
cally harsh, arid, and climatically unpredictable and geologically young central Anatolian 
Plateau from the west, north, south, and east (Nevo et al. 1994, 1995). The number of bio¬ 
logical species determined by a combination of chromosome number, genetic distances, 
and ecogeography of Spalax is tend to increase by new studies (Sozen and KrvANg 
1998 a, b). 

The results of these studies demonstrate the necessity to reexamine the species and 
subspecies specified morphologically, and to determine the borders of chromosomal 
forms. The aim of this present study is to give the karyologic characteristics of the blind 
mole rats collected from given localities, and thereby to contribute to karyology, taxon¬ 
omy, and speciation of the genus Spalax in Turkey. 


Material and methods 

The karyotypes of 1 female specimen from Baymdir (Izmir), 6 specimens (5 males, 1 female) from 
three localities in Ankara, 2 male specimens from 10 km SW of Afyon, 1 female specimen from 95 km 
SW of Afyon, 5 specimens (2 males, 3 females) from two localities in Burdur, and one female speci¬ 
men from 10 km SW of Ak§ehir belonging to Spalax leucodon (Nordmann, 1840), and 2 male speci¬ 
mens of Spalax ehrenbergi Nehring, 1898 from 15 km E of Kilis in Turkey were analysed (Fig. 1, 
Tab. 1). Baymdir, Ankara, Afyon, Burdur, and Ak§ehir specimens were determined as S. leucodon, 
and specimens from Kilis as S. ehrenbergi. Karyotypes were prepared from bone marrow according to 
Ford and Hamerton (1956), and about 25-30 metaphase cells, which were well-stained, and whose 
chromosomes were separate and distinct, were examined from each animal. The diploid number of 
chromosomes (2n), the number of autosomal arms (NFa), and the total number of chromosomal arms 
(NF) were determined together with metacentric (m), acrocentric (a), subtelocentric (st), and subme- 
tacentric (sm) according to centromere positions, and sex chromosomes. The karyotype preparations 
and the animals examined were deposited in Department of Biology, Faculty of Science, University of 
Ankara. 



Fig. 1. Map of Turkey with localities of the analysed populations. 1. Baymdir, 2. Ankara, 3. Afyon 
10 km W, 4. Afyon 95 km SW, 5. Burdur, 6. Ak§ehir, 7. Kilis 15 km E. 
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Table 1. The location and the number of animals examined. 


Spalax leucodon (Nordmann, 1840) 


Locality 

Male 

Female 

Total 

Baymdir 

- 

1 

1 

Ankara (Centrum) 

1 

1 

2 

Ankara 15 km N 

- 

1 

1 

Ankara 35 km S 

3 

- 

3 

Afyon 10 km E 

2 

- 

2 

Afyon 95 km SW 

- 

1 

1 

Burdur 5 km S 

2 

2 

4 

Burdur 10 km W 

- 

1 

1 

Ak§ehir 10 km SE 

1 

1 

2 

Spalax ehrenbergi Nehring, 1898 


Kills 15 km E 

2 

- 

2 


Results 


Spalax leucodon (Nordmann, 1840) 

Ba\^ndir (Izmir) population: The kar^^otype of one female specimen from Baymdir in 
western Turkey was analysed. According to this analysis the Baymdir population has a 
kar}^otype of 2 n = 36, NF = 70. The karyotype contains 5 pairs of metacentric, 10 pairs 
of submetacentric. 2 pairs of subtelocentric, and 1 pair of acrocentric chromosomes 
(Fig. 2 a). 

Ankara (centrum, 15 km N, and 35 km S), Afyon (10 km E, Afyon 95 km SW) popula¬ 
tions: We determined the kaiy^otypes of these five populations as 2n = 60, NF = 82, and 
NFa = 78. The X chromosome is a medium-sized submetacentric, and the Y chromosome 
is the smallest subtelocentric. The autosomal set contains 10 pairs of subtelocentric, and 
19 pairs of acrocentric chromosomes (Fig. 2 b). 

Burdur 5 km S and 10 km W populations: The karyotype of Burdur populations has 

2 n = 60, NF = 84, and NFa = 80. The X chromosome is a medium-sized submetacentric, 
and the Y chromosome is the smallest subtelocentric. The autosomal set contains 11 pairs 
of subtelocentric and 18 pairs of acrocentric (Fig. 3 a). 

Aksehir 19 km SE population: The Aksehir populations have a karyotype of 2 n = 60, 
NF = 76, and NFa = 72. The X chromosome is a medium-size submetacentric, and the 
Y chromosome is the smallest subtelocentric. The autosomal set contains 7 pairs of subte¬ 
locentric and 22 pairs of acrocentric chromosoes (Fig. 3 b). 

Spalax ehrenhergi Nehring, 1898 

Kihs 15 km E population: The karyotype of 2 male specimens from 15 km east of Kills 
was examined. The karyotype contains of 2 n = 52 chromosomes, NF = 74, and 
NFa = 70. The X chromosome is a medium sized submetacentric and the Y chromo¬ 
some is acrocentric. The autosomal set of this population has 4 pairs of metacentric, 

3 pairs of submetacentric, 3 pairs of submetacentric, and 15 pairs of acrocentric chromo¬ 
somes (Fig. 4). 
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Fig. 2. The karyotype of a female Spalax leucodon from Baymdu* (a), a male from Ankara (b). 


Discussion 

The first karyological analysis of the blind mole rat Spalax leucodon in Turkey was intro¬ 
duced by SoLDATOVic and Savic (1978) from the Thrace region of Turkey (^orlu and Ka- 
raevli), and corresponding investigations on the Asian part of Turkey (Havran and Selguk) 
were performed by the same authors (Savic and Soldatovic 1979). Later, new karyotypes 
were determined from the territory of Malatya by Yuksel (1984); from Malatya, Yazihan, 
and Arguvan by GuLKAg and Yuksel (1989); from Kir§ehir, Nev§ehir, Kayseri, and Yoz- 
gat by Yuksel and Gulka^ (1995); from Balikesir, Izmir, Bey§ehir, Aydm, Erzurum, 
Sarikami§, Bolu, Bingol, Denizli, Pmarba§i, Malatya, Kiitahya, Afyon, Konya, Sivas, An¬ 
kara, Kayseri, Havza, and Su§ehri by Nevo et al. (1994); from Malatya by Ivanitskaya et 
al. (1997); from Sebil, Giilek by Sozen and KrvANg (1998 a), and from Madenkoy by So- 
ZEN and KivANg (1998 b). 
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Fig. 3. The karyotype of a female Spalax leucodon from Burdur (a), a male from Ak§ehir (b). 

The karyotype of S. ehrenbergi was first given by Yuksel (1984) from Elazig, then by 
Yuksel and GuLKAg (1992) from Adiyaman, Hilvan, Surug, and Gaziantep; by Nevo et 
al. (1994) from Diyarbakir, Urfa, Gaziantep, and Tarsus; by Ivanitskaya et al. (1997) 
from Tarsus, Gaziantep, Elazig and Urfa (Tab. 2). 

According to these studies the diploid karyotypes of Spalax leucodon in Turkey vary 
between 2n = 38 and 62, NF = 70 and 82, and NFa = 68 and 78. Spalax ehrenbergi also has 
a karyotype varying between 2 n = 52 and 58, NF = 72 and 90, and NFa = 68 and 86. 

The karyotype of S. leucodon determined in this study from Baymdfr, 2n = 36, 
NF = 70 is a first record for S. leucodon populations in Turkey, and also for all Spalax po- 
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Fig. 4. The karyotype of a male Spalax ehrenbergi from Kilis. 


pulations. This karyotype pattern is smaller than in all the other populations in the distri¬ 
bution area of the Spalacidae. The karyotypes given by Savic and Soldatovic (1979) from 
Havran and Selguk, and by Nevo et al. (1994, 1995) from Balikesir and Izmir are close to 
this karyotype. 

The diploid karyotypes of Ankara and Afyon populations determined here are identi¬ 
cal with the Arguvan population given by GuLKAg and Yuksel (1989) on the basis of 
chromosomal arm size and the chromosome morphology. These populations have 
2n = 60, NF = 82 and NFa = 78 containing 10 pairs of subtelocentric, 19 pairs of acro¬ 
centric autosomal chromomes, and a submetacentric X chromosome. In contrast to our 
findings, Nevo et al. (1994, 1995) specified the diploid chromosome number as being 
2 n = 62 from 30 km S of Ankara and 35 km E of Afyon. This shows that two different 
chromosomal forms of Spalax are distributed in Ankara, and Afyon provinces. 

The diploid karyotype of Afyon, Ankara, Burdur, and Ak§ehir determined here is 
2n = 60, but the NF and NFa values are different (Tab. 2). NF = 84, NFa = 80 of the Bur¬ 
dur population, and NF = 76, NFa = 72 of the Bey§ehir population represents the first re¬ 
cords for Turkish Spalax. 

The diploid karyotype of S. ehrenbergi given by us is similar to the diploid chromo¬ 
some number but different, on the basis of chromosomal arm size and the chromosome 
morphology, from karyotypes given by Yuksel (1984) from Elazig by Yuksel and 
GuLKAg (1992) from Adiyaman and Hilvan, by Nevo et al. (1994, 1995) from Diyarbakir 
and Urfa, and by Ivanitskaya et al. (1997) from Birecik, Siverek, Diyarbakir and Elazig, 
and from Urfa (Tab. 2). 
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Table 2. Chromosomal records of Spalax leucodon (Nordmann, 1840) and Spalax ehrenbergi Nehring, 
1898 from Turkey. 

*m: metacentric, sm: submetacentric, st: subtelocentric, a: acrocentric 


Spalax leucodon (Nordmann, 1840) 


Locality 

2n 

NF 

NFa 

X 

Y 

Reference 

g^orlu and Karaevli (in Thrace) 

56 

78 

74 

sm* 

a* 

Soldatovic and Savic (1978) 

Havran and Selguk 

38 

74 

70 

St* 

a 

Savic and Soldatovic (1979) 

Malatya 

60 

78 

74 

sm 

a 

Ivanitskaya et al. (1997) 

Malatya 

60 

80 

76 

sm 

St 

Yuksel (1984) 

Malatya and Yazihan 

60 

80 

76 

sm 

st 

GuLKAg and Yuksel (1989) 

Arguvan 

60 

82 

78 

sm 

- 

GuLKAg and Yuksel (1989) 

Kir§ehir, Nev§ehir and Kayseri 

60 

80 

76 

sm 

st 

Yuksel and GuLKAg (1995) 

Yozgat 

54 

74 

70 

sm 

st 

Yuksel and GuLKAg (1995) 

Balikesir and Izmir 

38 

74 

70 

St 

a 

Nevo et al. (1994,1995) 

Bey§ehir 

40 

72 

68 

sm 

- 

Nevo et al. (1994,1995) 

Aydm, Erzurum 

50 

- 

- 

- 

- 

Nevo et al. (1994,1995) 

Sarikami§ 

50 

70 

68 

sm 

- 

Nevo et al. (1994,1995) 

Bolu and Bingol 

54 

- 

- 

- 

- 

Nevo et al. (1994,1995) 

Denizli, Pmarba§i 

60 

- 

- 

- 

- 

Nevo et al. (1994,1995) 

Malatya 

60 

78 

74 

sm 

a 

Nevo et al. (1994,1995) 

Kiitahya, Afyon, Konya, Sivas, 

62 

- 

- 

- 

- 

Nevo et al. (1994,1995) 

Ankara, Kayseri, Havza, Su§ehri 







Gtilek 

56 

72 

68 

m 

a 

Sozen and KivANg (1998 a) 

Sebil 

52 

72 

68 

sm 

a 

Sozen and KivANg (1998 a) 

Madenkoy 

58 

72 

68 

sm 

a 

Sozen and KivANg (1998 b) 

Baymdir 

36 

70 

- 

- 

- 

This study 

Ankara centrum, 15 km N, and 

60 

82 

78 

sm 

st 

This study 

35 kmS 







Afyon 95 km SW and 10 km E 

60 

82 

78 

sm 

st 

This study 

Burdur 5 km S and 10 km W 

60 

84 

80 

sm 

st 

This study 

Ak§ehir 10 km SE 

60 

76 

72 

sm 

st 

This study 

Spalax ehrenbergi Nehring, 1898 


Locality 

2n 

NF 

NFa 

X 

Y 

Reference 

Elazig 

52 

76 

72 

sm 

st 

Yuksel (1984) 

Adiyaman and Hilvan 

52 

76 

72 

m* 

st 

Yuksel and GuLKAg (1992) 

Surug 

54 

76 

72 

m 

st 

Yuksel and GuLKAg (1992) 

Gaziantep 

56 

90 

86 

m 

st 

Yuksel and GuLKAg (1992) 

Diyarbakir and Urfa 

52 

76 

72 

- 

- 

Nevo et al. (1994,1995) 

Gaziantep 

58 

82 

78 

- 

- 

Nevo et al. (1994,1995) 

Tarsus 

56 

72 

68 

- 

- 

Nevo et al. (1994,1995) 

Tarsus 

56 

72 

68 

m 

- 

Ivanitskaya et al. (1997) 

Gaziantep 

56 

82 

78 

sm 

- 

Ivanitskaya et al. (1997) 

Birecik, Siverek, Diyarbakir, Elazig 

52 

76 

72 

sm 

- 

Ivanitskaya et al. (1997) 

Urfa 

52 

80 

76 

sm 

- 

Ivanitskaya et al. (1997) 

Kills 15 km E 

52 

74 

70 

sm 

a 

This study 


The sex chromosomes are variable in both S. leucodon and S. ehrenbergi. In most po¬ 
pulations of S. leucodon in Turkey, the X chromosome was described as being submeta¬ 
centric (SoLDATOvic and Savic 1978; Yuksel 1984; GuLKAg and Yuksel 1989; Yuksel and 
GuLKAg 1995; Ivanitskaya et al. 1997; Sozen and KivANg 1998 a, b), subtelocentric in two 
populations in western Turkey (Savic and Soldatovic 1979), and metacentric only in the 
Gtilek population (Sozen and KivANg 1998 a). The Y chromosome is acrocentric (Solda- 
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Tovic and Savic 1978; Savic and Soldatovic 1979; Sozen and Kivan^ 1998 a, b), or subte- 
locentric (Yuksel and Gulka^ 1995; Yuksel 1984; GuLKAg and Yuksel 1989; Sozen and 
KiVANg 1998 a, b). We found that the X chromosome is also submetacentric in all popula¬ 
tions studied, and that the Y chromosome is subtelocentric. In S. ehrenhergi populations, 
the X chromosome is submetacentric (Yuksel 1984; Ivanitskaya et al. 1997) or meta- 
centric (Yuksel and GuLKAg 1992; Ivanitskaya et al. 1997), and the Y chromosome is 
subtelocentric (Yuksel 1984; Yuksel and GuLKAg 1992; Ivanitskaya et al. 1997). We de¬ 
termined that the X chromosome is submetacentric, and the Y chromosome is acrocentric 
in the Kilis population. 

The subterranean Spalacidae probably originated from a muroid-cricetoid stock in 
Asia Minor or vicinity, during Oligocene times, about 30-40 mya, and radiated adaptively 
underground in the Balkans, steppic Russia and Middle East, extending into North Africa 
(Savic and Nevo 1990). 

The major important evolutionary feature was karyotypic evolution, mainly based on 
Robertsonian changes (Savic and Nevo 1990). More than 40 karyotypes (2 n = 38-62, 
NF = 72-124) occur across the eastern Mediterranean range of the family. Most karyo¬ 
types represent biospecies adapted to their different ecologies at multiple organizational 
levels. Three major chromosomal trends (2n = 38-62) occur across the entire Eurasian 
and east Mediterranean range of Spalacidae, all starting in Western Turkey. These in¬ 
volve: (1) the Near East and North Africa (2n = 38^62); (2) the Balkans (2n = 
38 ^ 62), and (3) the Ukrainian and Russian steppes, 2n = 38 ^ 62 (Nevo 1991; Nevo et 
al. 1995). This trend has also been revealed in Turkey itself supporting the idea of ecologi¬ 
cal speciation via chromosome speciation (Nevo et. al 1995). The chromosome number of 
Spalax tends to increase during adaptive radiation from humid areas toward the ecologi¬ 
cally harsh, arid, and climatically unpredictable and geologically young central Anatolian 
Plateau from all directions (Nevo et al. 1994, 1995). The Baymdir population (2n = 36, 
NF = 70) determined in this study is now acceptable to be the speciation center of Spala¬ 
cidae. But this concept should be supported by new molecular and fosil findings. 

Nevo et al. (1995) determined 10 karyotypes and probably more than 20 new species, 
based on karyotypes and genetic distances, to the two superspecies leucodon and ehren- 
bergi, in Turkey. Later Sozen and KiVANg (1998 a, b) determined three new karyotypes in 
the superspecies leucodon. In the present study, we have determined four extra karyolo- 
gic forms for the two superspecies leucodon and ehrenbergi, one of them has a new 
2 n value (Baymdir population), and three of them have new NF and NFa values (Burdur, 
Ak§ehire, and Kilis populations). These results bring the total number of karyological 
forms or biospecies of Turkish Spalax to approximately 30. 

According to the findings mentioned above, the borders of the areas of all chromoso¬ 
mal forms described from Turkey are not definite because of the possibility of the exis¬ 
tence of new localities and chromosomal forms. It will certainly be necessary to analyse 
greater numbers of populations of the blind mole rats to determine the borders of the 
areas of all the described chromosomal variations from Turkey and to find possible new 
karyological forms and thereby to explain precisely speciation, phylogeny, systematics, 
and the evolutionary history of Spalacidae in Turkey. 


Zusammenfassung 

Zur Karyologie und Taxonomie der Gattung Spalax Giildenstaedt, 1770 (Mammalia: Rodentia) 

in der Tiirkei 

Die Karyotypen von 17 Individuen der Art Spalax leucodon (Nordmann, 1840) aus 10 Probengebieten 
in der Tiirkei sowie von 2 Individuen der Art Spalax ehrenbergi Nehring, 1898 aus Kilis, Tiirkei, wur- 
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den analysiert. S. leucodon zeigte 2 n = 36 und NF = 70 in Bayindir; 2 n = 60, NF = 82 und NFa = 78 in 
Ankara (Zentrum, 15 km N und 35 km S), Ayfon (lOkmO und 95 km SW); 2n = 60, NF = 84 und 
NFa = 80 in Budur (Zentrum und lOkmW) und 2n = 60, NF = 76 und NFa = 72 in Ak§ehir 
(10 km SO). S. ehrenbergi aus Kilis (15 km O) zeigte 2n = 52, NF = 74 und NFa = 70. Nach unseren 
karyologischen Ergebnissen weisen die diploide Chromosomenzahl von Individuen aus Bayindir so- 
wie die NF und NFa bei Individuen aus Budur, Ak§ehir und Kilis bei der Gattung Spalax in der Tiir- 
kei bisher nicht beobachtete Werte auf. 


References 

Corbet, G. B. (1978): The Mammals of the Palaearctic region: A taxonomic Review. London: British 
Museum (Nat. Hist.). 

Co§KUN, Y. (1996 a): A new subspecies of Spalax nehringi (Satunin, 1898) (Rodentia: Spalacidae) from 
Turkey. Saugetierkdl. Mitt. 37,103-109. 

Co§KUN, Y. (1996 b): Spalax nehringi nevoi, a new mole rat from southeast Anatolia, Turkey (Rodentia: 
Spalacidae). Saugetierkdl. Mitt. 38, 135-142. 

Ford, C. E.; Hamerton, J. L. (1956): A colchicine hypotonic citrate, squash for mammalian chromo¬ 
somes. Stain Technol. 31, 247-251. 

Giaga, E.; Savic, L; Soldatovic, B. (1982): Chromosomal forms of the mole rat Microspalax from 
Greece and Turkey, Z. Saugetierkunde 47, 231-236. 

GuLKAg, M. D.; Yuksel, E. (1989): Malatya ydresi kdr fareleri (Rodentia: Spalacidae) iizerine sitogen- 
etik bir inceleme. Doga Tu. Biyol. D. 13, 63-71. 

Harrison, D. L.; Bates, P. J. J. (1991): The Mammals of Arabia. Kent, England: Harr. Zool. Mus. 

Ivanitskaya, E.; Co§kun, Y; Nevo, E. (1997): Banded karyotypes of mole rats {Spalax, Spalacidae, Ro¬ 
dentia) from Turkey: a comparative analysis. J. Zool. Syst. Evol. Research 35,171-177. 

KivANg, E. (1988): Tiirkiye Spalax larmm Cografik Varyasyonlari. Ankara: 72, Teksir-Daktilo-Fotokopi 
Press. 

Lay, D. M.; Nadler, C. F. (1972): Cytogenetics and origin of North African Spalax (Rodentia: Spalaci¬ 
dae). Cytogenetics 11, 279-285. 

Nevo, E. (1991): Evolutionary theory and processes of active speciation and adaptive radiation in sub¬ 
terranean mole rats, Spalax ehrenbergi superspecies in Israel. Evol. Biol. 25,1-125. 

Nevo, E.; Filippucci, M. G; Redi, C; Korol, A.; Beiles, A. (1994): Chromosomal speciation and adap¬ 
tive radiation of mole rats in Asia Minor correiated with increased ecological stress. Proc. Natl. 
Acad. Sci. USA 91, 8160-8164. 

Nevo, E.; Filippucci, M. G; Redi, C; Simson, S.; Heth, G; Beiles, A. (1995): Karyotype and genetic 
evolution in speciation of subterranean mole rats of the genus Spalax in Turkey. Biol. J. Linnean 
Soc. 54, 203-229. 

Ognev, S. I. (1947): Mammals of the U.S.S.R. and Adjacent Countries. Vol. V. Rodents. Moskova: Izda- 
tel’stvo Akademii Nauk. 

Ondrias, j. C. (1966): The taxonomy and geographical distribution of the rodents of Greece. Sauge¬ 
tierkdl. Mitt. 14,1-136. 

Savic, L; Nevo, E. (1990): The Spalacidae: Evolutionary history, speciation, and population biology. In: 
Evolution of Subterranean Mammals at the Organismal and Molecular Levels Ed. by E. Nevo and 
O. A. Reig. New York: Alan R. Liss. Pp. 129-143. 

Savic, L; Soldatovic, B. (1979): Contribution to the knowledge of the genus Spalax {Microspalax) kar¬ 
yotype from Asia minor. Arh. biol. nauka. (Beograd) 31,1-2. 

Soldatovic, B.; Savic, I. (1978): Karyotypes in some populations of the genus Spalax {Mesospalax) in 
Bulgaria and Turkey. Saugetierkdl. Mitt. 26, 252-256. 

SbzEN, M.; KivANg, E. (1998 a): Two new karyotypic forms of Spalax leucodon (Nordmann, 1840) 
(Mammalia: Rodentia) from Turkey. Z. Saugetierkunde 63, 307-310. 

SozEN, M.; KivANg, E. (1998 b): A new karyotype of Spalax leucodon cilicicus Mehely, 1909 (Mamma¬ 
lia: Rodentia) from type locality in Turkey. Isr. J. Zool. 44, 53-56. 

Yuksel, E. (1984): Cytogenetic study in Spalax (Rodentia: Spalacidae) from Turkey. Communications, 
C: Biologic 2,1-12. 


Karyology and taxonomy of Spalax in Turkey 


219 


Yuksel, E.; GuLKAg, M. D. (1992): On the karyotypes in some populations of the subterranean Mole 
Rats in the Lower Euphrates Basin, Turkey. Caryologia 45,175-190. 

Yuksel, E.; Gulka^, M. D. (1995): Kizilirmak Havzasi Kayseri-Kir§ehir-Nev§ehir-Yozgat Kesimi Spa- 
lax populasyonlari iizerine Sitolojik Incelemeler. Ankara: TBAG-904 Tubitak press. 


Authors’ address: Mustafa Sozen, Ercument ^olak, Nuri Yigit, and Reyhan Verimli, Department 
of Biology, University of Ankara, 06100 Be§evler Ankara, Turkey; §AKiR Ozkurt, 
Department of Biology, University of Gazi, 40100 Kir§ehir, Turkey. 


